Acupuncture is an alternative and complementary medicine used throughout the World to treat various chronic disorders including diabetes. The aim of this present study is to explain the hypoglycemic effect of non-invasive stimulation with Acu-TENS at bilateral Zusanli (ST36) acupoints in Streptozotocin(45 mg /kg / body weight / IP) induced diabetic rats. The Acu -TENS therapy was given with low frequency 15 HZ, high intensity and width of 5 sec pulse at the Zusanli(ST36) acupoints in diabetic induced rats for 5 minutes every day without anaesthesia for 60 days. A more steady significant (p ≤ 0.01) decrease in fasting blood glucose level was noted in Zusanli acupoints treated diabetic rats and compared with antidiabetic drug (pioglitazone,7.5 mg / kg /body weight) treated rats.The acupuncture treated diabetic rats showed more significant (p ≤ 0.01) decrease in total cholesterol, triglycerides, low density lipid and significant increase in high density lipid.Histopathological examination of pancreas in Zusanli acupoints treated diabetic rats showed near normal architecture and regular shaped islets with regeneration of cells and compared with anti-diabetic drug treated rats pancreas. Stimulation at ST36 acupoints produced antidiabetic effects and improved lipid metabolism may be due to increase in insulin secretion through the mediation of β-endorphin and stimulation of Qi (energy flow) and utilisation of energy due to mild muscle twitching during stimulation.
INTRODUCTION
Diabetes is a chronic disorder characterized by altered metabolism in carbohydrates, fats and proteins with increased blood sugar levels. Macrovascular diseases (coronary heart disease and peripheral arterial disease) and microvascular diseases (retinal and renal vascular disease) are the long term complications of diabetes mellitus 1 . The Worldwide prevalence of diabetes will expect to increase from 4% in 1995 to 5.4% by the year 2025 2 and will become a growing threat to global health 3 . In India, diabetes is gaining the status of a potential epidemic disease 4, 5 and becoming the diabetes capital of the World with a projected 109 million people with diabetes by 2035 4 . Type 2 diabetes (NIDDM), a common type of diabetes, adult-onset with the age group of > 40 years, occurs due to combination of insulin resistance and with reduced insulin secretion. Obesity and physical inactivity is the leading risk factors for type 2 diabetes. Though there is an effective pharmacological management due to some adverse effects of certain drugs, the researchers searched for complementary and alternative medicines to treat diabetes with no side effects and also to prevent its complications. Acupuncture, one of the oldest traditional medicines, is nowadays practice throughout the world mainly in U.S, Japan, Korea and India 7 . The therapeutic effects of acupuncture for diabetes have observed in several studies both experimentally and clinically to reduce symptoms and to prevent complications. According to the theory of traditional medicine, health is a state of balance between yin, yang, Qi, and five elements (metal, wood, water, fire and earth). Qi (life energy) flows within our body through a hypothesized channel called meridians with several acupoints. The ill health or disease in a body occurs due to imbalance in yin and yang, can be corrected with the stimulation of acupoints present along the meridians. Each acupoint has its different therapeutic action. The acupoints can be stimulated either manually using needle or electrically 8 . Acupuncture therapy in diabetes acts on the receptors of pancreas beta cells to increase the insulin secretion, promotes glucose metabolism and reduce the blood sugar level 9 . Several studies explained the beneficial effect of acupuncture on obesity, a major risk factor for type 2 diabetes and also various therapeutic effect of acupuncture on different system 10 . In our study, we selected bilateral Zusanli (ST36) acupoint for the treatment of diabetes based on traditional Chinese medicine 11 .
In this study, we used transcutaneous electric nerve stimulation at acupoints (Acu-TENS) therapy, a non-invasive method to stimulate the selected acupoints. This study mainly designed to investigate the antihyperglycemic effect of Zusanli (ST36) acupoint and was proved with the evidence of the histological changes in the pancreatic islets and biochemical parameters (fasting blood glucose level and lipid profile) in Streptozotocin -induced diabetic rats and acupuncture treated diabetic rats. 
MATERIALS AND METHODS

Animal
Study design
The selected experimental rats were divided into four groups with six animals each. The first group rats were normal. Second group rats were induced diabetes with a single dose of Streptozotocin (45 mg /kg / body weight) intraperitoneally. The induction of diabetes was confirmed after 72 hours by estimation of elevated fasting blood glucose level above ≥ 250 mg/dl and included for this study. Third Group of streptozotocin induced diabetic rats were treated with pioglitazone (7.5 mg /kg / body weight) given intra orally daily. Fourth Group of streptozotocin induced diabetic rats were treated with bilateral Zusanli acupoints stimulation. Electrical stimulation was carried out for 3 -5 minutes daily at frequency of 15 Hz, pulse width 5 sec, intensity 15 mA, using Acu -TENS apparatus without anaesthesia. The positive and negative charges are given through pen type surface electrodes to the right and left Zusanli acupoints (ST36), respectively as shown in figure 1 . The experiment was carried out for 60 days and blood sample was collected by rat tail and retro orbital venous plexus puncture. Fasting blood glucose and total cholesterol, triglycerides, low density lipid and high density lipid levels were measured and compared periodically between the groups.
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Histopathological changes in the pancreatic islets was assessed and compared between the groups. All animals were euthanized by over dose anaesthesia at the end of the treatment, for histopathological observation, the pancreatic tissue specimens were collected and fixed in 10 % formalin, dehydrated in gradual ethanol (50 -100%), cleared in xylene and embedded in paraffin sections (4 -5µ) were prepared, stained with Heamatoxylin and Eosin . The body weight, water and food intake of all rats were also measured. 
STATISTICAL ANALYSIS
The results were expressed as mean ± SD and SE.
The fasting blood glucose level were analysed by one-way ANOVA followed by Tukey post hoc test.The value of p ≤ 0.01 was considered asstatistically significant.
RESULTS
A steady decrease and significant (p ≤0.01) reduction of fasting blood glucose was observed in Zusanli (ST36) acupoint and oral anti-diabetic drug (pioglitazone,7.5mg / kg / body weight) treated diabetic rats after 60 days of treatment. The Zusanli (ST36) acupoints stimulation restored its body weight. Graph1 shows fasting blood glucose level, Table- 1, Graph -2, Table -2 and 3 show total cholesterol, triglycerides, high density lipid and low density lipid level. Diabetic rats treated with drug and Zusanli acupoint stimulation showed significantly (p ≤ 0.01) steady decrease in the total cholesterol, triglycerides, low density lipid and with significant (p ≤ 0.01) increase in high density lipid. 
Graph 1 Effects of ST36 on Fasting Blood Glucose Level (mg/dl
Histopathological examination
The group I control rats showed normal rounded or spherical shaped islets with different types of cells with capillaries, markedly separated by exocrine part made of closely packed acinar cells. In Group II, Streptozotocin induced diabetic rats; pancreas showed reduced size of islets with decrease in cellular density, numerous vacuoles and with degenerative changes in exocrine part. The pioglitazone treated group III rats showed near normal architecture of lobules with irregular shaped islets with increase in cellular density and reduced number of vacuoles. Zusanli acupoints treated group IV rats showed recovery of near normal architecture of pancreas with regular shaped islets, increase in cellular density and reduced vacuole and compared with the standard antidiabetic treated group. It was observed using LEICA DMD 360 MICROIMAGING CAMERA, GERMAN, PHOTOMICROSCOPY. All the images of pancreas were captured at 400X and 100X, illustrated in figure 2 & 3. 
DISCUSSION
Diabetes is a significant public health problem throughout the World. Daily use of medicines and insulin therapy for diabetic patients are challenging.
For the past few years, patients showing interest towards the alternative and complementary medicines especially acupuncture therapy due to its high therapeutic effect and low cost. This study was aimed mainly to find out the histopathological changes in pancreatic islets and the hypoglycemic effect of Acu-TENS at bilateral Zusanli acupoints in diabetes. Histology of control rats' pancreas showed normal lobular architecture with rounded islets consisting of lightly stained cells separated by blood capillaries. The pancreas of Streptozotocin induced diabetic rats showed marked histopathological changes with reduced islets size and numerous vacuoles compared to normal islets. In antidiabetic drug treated rats, pancreas shows lobules with light stained islets and increased cellular density. In Zusanli acupoints treated rats, pancreas shows near normal architecture and islets with lightly stained beta cells and peripheral alpha cells are noted. In our study the increase in cellular density in islets of pancreas may be due to β-endorphin activation on the specific receptors in the pancreatic β cells. According to Skau M et al 12 , new beta cells stimulate the growth of beta cells in the islets and increase the total volume. Seaberg in his study showed that the adult precursor cells in the pancreas differentiated into islets β cells 13 . In a previous study made by the authors, it was already explained that Acu-TENS stimulation at bilateral Zusanli acupoints result in a significant reduction in fasting blood glucose level with increase in insulin secretion through the mediation of β-endorphin 14. Hui-Ching Pai et al study explained hypoglycemic effect of EA(15HZ) stimulation at bilateral Zusanli (ST36) acupoint with rosiglitazone due to an increase in insulin secretion through mediation of β-endorphin in normal and Streptozotocin -induced type 2 diabetic rats 15 . In this study, we stimulated bilateral Zusanli acupoints with Acu-TENS unit This article can be downloaded from www.ijlpr.com L- 13 and found the significant reduction of fasting blood glucose with increase in serum β-endorphin and compared with standard drug (pioglitazone) group. 20, 21 . Through this present study, it wasfound that stimulation of Zusanli acupoints produced beneficial lipolytic effect may be due to the role of β-endorphin. ZhiQi-Zhao et al mentioned that electroacupuncture can also be given with surface electrode on the skin instead of acupuncture needles for stimulating the acupoints 7. Hence, in this study, Acu-TENS apparatus with pen type electrode was selected to stimulate the Zusanli acupoint in diabetic induced rats. P.V.Ingle et al, stated the hypoglycemic effect of Accustimulator and lowered the level of TC, TG, LDL and increase HDL with stimulation of ST36 acupoint in type 2 diabetes 22 . In our study we stimulated the Zusanli acupoints with Acu-TENS and proved the hypoglycemic effect and also noted histological changes with increase in cellular density in islets of pancreas. Wu Zhiyuan et al explained the effect of TENS at specific acupoints (LI11, LI4, ST36,SP6) on type 2 diabetes patients for 30 minutes for each session and 5 times a week for 2 months. In this study, the stimulation of only bilateral Zusanli acupoints were for 5 minutes daily for 60 day treatment in diabetic rats showed a significant decrease in fasting blood glucose (FBG) level. The non-invasive Acu-TENS therapy, is beneficial especially to the diabetic patients due to its low risk of infection. We selected Acu-TENS stimulator due its combined effect of both electrical and acupoints stimulation. In this study Acu-TENS with the frequency of 15 HZ (low frequency) produced a positive effect in reducing blood glucose level in type 2 diabetes and increased cellular density with near normal architecture in pancreatic islets and also with improvement in lipid metabolism. Hence,the result of the present study suggests that the non-invasive acupuncture therapy is beneficial and cost-effective treatment for the elderly type 2 diabetes mellitus patient.
CONCLUSION
This microanatomical study concluded the effect of Acu-TENS therapy at Zusanli acupoints on pancreatic islets of Langerhans in streptozotocin induced diabetic treated rats. The Zusanli acupoints stimulation produced beneficial hypoglycemic effect and improved lipid metabolism in type 2 diabetes. Low frequency and high intensity Acu-TENS also produced mild muscle twitching during the stimulation of the specific acupoint which is similar to that of physiological process of physical exercise. Hence, this therapy will be useful for elderly diabetes patients who are not able to perform physical exercise. Moreover, the Acu-TENS application is non-invasive, applied only with skin electrodes to stimulate the acupoints. This helps more in preventing infection or inflammation than with needle acupuncture therapy especially in diabetic patients. Here we suggested that Acu-TENS therapy is a prior adjunct therapy for diabetic patients.
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